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ABSTRACT 

The National Bureau of Standards, i n  cooperation w i t h  
the National Oceanic a n d  Atmospheric Administration 
( N O A A ) ,  has been disseminating a time code referenced 
t o  UTC(NBS) via two of NOAA's geostationary GOES 
s a t e l l i t e s  since 1975. A review of the GOES time code 
system, the performance achieved t o  date, and  some 
potential improvements i n  the future wi l l  be discussed. 

The disseminated time code i s  originated from a t r i p ly  
redundant s e t  of atomic standards, time code generators 
and related equipment maintained by NBS a t  NOAA's 
Wallops Island, VA s a t e l l i t e  control f ac i l i t y .  I t  i s  
relayed by two GOES s a t e l l i t e s  located a t  75"W and 
135'61 longitude on a continuous basis t o  users within 
North and  S o u t h  America (with overlapping coverage) and 
well o u t  i n t o  the Atlantic a n d  Pacific ocean areas. 
Downlink frequencies are near 468 MHz. The signals 
from bo th  s a t e l l i t e s  are monitored and controlled from 
the NBS labs a t  Boulder, CO w i t h  a d d i t i o n a l  monitor ing 
input from geographically separated receivers i n  
Washington, DC and Hawaii. 
accuracies are typically bet ter  t h a n  1 ms i f  the user 
only applies a constant correction t o  compensate 
approximately fo r  his geographical location or better 
t h a n  100 us i f  manual or automatic  corrections are 
applied for  p a t h  delay using s a t e l l i t e  pos i t i on  d a t a  
encoded i n t o  the GOES time code signals. 

Received time code 

Performance experience w i t h  the received time codes fo r  
periods ranging from several years t o  one day i s  
discussed. 
neous, common-view reception by co-located receivers 
and by receivers separated by several thousand 
k i  1 ometers. 

Results are also presented f o r  simulta- 

Based on the general acceptance of the GOES time code, 
NBS a n d  NOAA have recently extended the i r  formal 
Memorandum-of-Agreement t o  continue the GOES time code 
operations for  a t  least  an  a d d i t i o n a l  five-year period. 

B 
INTRODUCTION 

I n  1975 the National Bureau of Standards (NBS) began regular dissemination 
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o f  an NBS-referenced t i m e  code v i a  two g e o s t a t i o n a r y  GOES s a t e l l i t e s  
(Geosta t ionary  Opera t iona l  Environmental  Sate1 1 i t e s )  operated by NOAA 
(Nat iona l  Oceanic and Atmospheric A d m i n i s t r a t i o n ) .  
t h e  GOES s a t e l l i t e s  and assoc ia ted  suppor t  systems i s  t o  ga ther  a v a r i e t y  
o f  env i ronmenta l  da ta  f rom v a r i o u s  sources, i n c l u d i n g  l a r g e  numbers of 
remote ly  l o c a t e d  sensing p l a t f o r m s  throughout  t h e  Western hemisphere, 
r e l a y  t h e  i n f o r m a t i o n  v i a  t h e  s a t e l l i t e s  t o  a c e n t r a l  p rocess ing  f a c i l i t y ,  
and make t h e  processed i n f o r m a t i o n  a v a i l a b l e  t o  t h e  World Meteoro log ica l  
O r g a n i z a t i o n  and o t h e r  i n t e r e s t e d  users.  The NBS t i m e  code i s  i n t e r l e a v e d  
i n t o  t h e  da ta  c o l l e c t i o n  p l a t f o r m  i n t e r r o g a t i o n  channel, p r o v i d i n g  a 
c o n t i n u o u s l y  a v a i l a b l e  accura te  t ime-of-day re fe rence b o t h  f o r  i n t e r n a l  
NOAA da ta  h a n d l i n g  o p e r a t i o n s  and f o r  more general  t i m e  and frequency 
a p p l i c a t i o n s  throughout  much o f  t h e  Western hemisphere. CommeFcial t i m e  
code r e c e i v e r s  a r e  r e a d i l y  a v a i l a b l e  f o r  a few thousand d o l l a r s  t h a t  can 
p r o v i d e  r e c e i v e d  t i m i n g  accurac ies  o f  b e t t e r  than 100 us over  averaging 
p e r i o d s  o f  hours,  months, o r  years.  

The pr imary  m i s s i o n  of  

The c o o p e r a t i v e  NBS/NOAA program t o  p r o v i d e  and d isseminate t h e  NBS t i m e  
code v i a  t h e  o p e r a t i o n a l  GOES s a t e l l i t e s  was f o r m a l i z e d  f o r  a f i v e - y e a r  
p e r i o d  i n  May, 1977 by an NBS/NOAA Memorandum-of-Agreement, which was 
extended by b o t h  o r g a n i z a t i o n s  i n  May, 1982 f o r  an a d d i t i o n a l  f i v e - y e a r  
per iod .  S ince 1975, s i g n i f i c a n t  improvements have been made i n  t h e  NBS 
t i m e  code genera t ion  and c o n t r o l  equipment a t  t h e  GOES S a t e l l i t e  Cont ro l  
F a c i l i t y  a t  Wallops I s l a n d ,  VA; t h e  t i m e  code c o n t r o l  and m o n i t o r i n g  
procedures used by NBS t o  assure o v e r a l l  system accuracy and r e l i a b i l i t y ;  
and i n  t h e  newer genera t ions  of t h e  GOES s a t e l l i t e s  themselves. I n  t h e  
remainder o f  t h i s  paper t h e  o v e r a l l  GOES t i m e  code system w i l l  be 
descr ibed,  i n c l u d i n g  some r e c e n t  improvements. Performance o f  t h e  system 
d u r i n g  t h e  p a s t  f o u r  years  w i l l  be discussed based on r e c e p t i o n  o f  t h e  
t i m e  code a t  NBS/Boulder, t h e  U.S. Naval Observatory i n  Washington, DC, 
and a t  NBS r a d i o  s t a t i o n  WWVH i n  Hawai i .  F i n a l l y ,  some p o t e n t i a l  f u t u r e  
improvements w i l l  be descr ibed b r i e f l y .  

GOES SYSTEM DESCRIPTION 

The GOES t i m e  code system c o n s i s t s  o f  an NBS-owned t i m e  code generat ion,  
m o n i t o r i n g ,  and c o n t r o l  system a t  NOAA's Wallops I s l a n d  s i t e ;  t h e  
s a t e l l i t e  u p l i n k  f a c i l i t i e s  a t  Wal lops Is land;  t h e  East  and West 
o p e r a t i o n a l  GOES s a t e l l i t e s  l o c a t e d  a t  75OW and 135"W l o n g i t u d e ,  
r e s p e c t i v e l y ;  m o n i t o r i n g ,  computing, and da ta  s to rage f a c i l i t i e s  a t  
NBS/Boulder; a two-way d i a l - u p  da ta  communication l i n k  between Boulder  and 
Wal lops I s l a n d ;  and suppor t  o p e r a t i o n s  such as NOAA's s a t e l l i t e  t r a c k i n g  
opera t ions .  The t r i p l y - r e d u n d a n t  t ime-code-generat ion system i s  based on 
t h r e e  atomic standards,  p r e s e n t l y  c o n s i s t i n g  o f  two cesium standards and 
one r u b i d i u m  device.  
c o m p a t i b i l i t y  w i t h  t h e  GOf2)Data C o l l e c t i o n  System and has been descr ibed 
i n  p rev ious  p u b l i c a t i o n s .  
s a t e l l i t e s  i n c l u d e s  complete t ime-o f -year  in fo rmat ion ;  D U T l  va lues -- 
i .e., es t imates  o f  t h e  c u r r e n t  d i f f e r e n c e  between t h e  UT1 and UTC t i m e  
scales;  and s a t e l l i t e  p o s i t i o n  i n f o r m a t i o n  f o r  computing pa th  delays.  

The t i m e  code used i s  s p e c i a l l y  designed f o r  

The code as t r a n s m i t t e d  v i a  t h e  two GOES 

The 
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NBS equipment a t  Wallops I s l a n d  a l s o  inc ludes  c a p a b i l i t i e s  f o r  measuring 
and s t o r i n g  v a r i o u s  t ime d i f f e r e n c e  data,  f a u l t  d e t e c t i o n  and a la rm 
c i r c u i t r y ,  p r o v i s i o n s  f o r  m o n i t o r i n g  Loran-C t ransmiss ions  as an 
independent t i m i n g  reference,  memory f o r  s t o r i n g  10 days wor th  o f  p o s i t i o n  
p r e d i c t i o n  da ta  f o r  each o f  t h e  two o p e r a t i o n a l  s a t e l l i t e s ,  and modems f o r  
use w i t h  t h e  Boulder-Wallops I s l a n d  da ta  l i n k .  

The t ime code i s  cont inuous ly  t r a n s m i t t e d  f rom t h i s  system t o  t h e  e a s t  and 
west GOES s a t e l l i t e s  a t  S-band and i s  then downlinked on two s l i g h t l y  
d i f f e r e n t  f requenc ies  near 468 MHz i n  one o f  t h e  meteoro log ica l  s a t e l l i t e  
a l l o c a t e d  bands. Th is  c o n s t r a i n t  t o  use meteoro log ica l  s a t e l l i t e  frequency 
a l l o c a t i o n s  f o r  t h e  GOES/East  and GOES/West downl inks may r e s u l t  i n  
i n t e r f e r e n c e  i n  r e c e i v i n g  t h e  t i m e  code t ransmiss ions i n  some urban areas, 
s i n c e  these a l l o c a t i o n s  a r e  shared w i t h  t h e  very  l a r g e  and very  a c t i v e  
land-mobi le  s e r v i c e .  Furthermore, t h e  land-mobi le  use i s  des ignated a s  
t h e  ' 'pr imary" one w i t h i n  t h e  U.S. w h i l e  t h e  meteoro log ica l  s a t e l l i t e  use 
i s  "secondary." 
t i m e  code i s  exper ienced f rom land-mobi le  t ransmiss ions,  i t  must be 
t o l e r a t e d .  
e f f e c t i v e l y  i g n o r e  much o f  t h i s  t y p e  o f  i n t e r f e r e n c e  when necessary. 
genera l ,  t h e  t i m e  code as rece ived f rom GOES/East i s  l e s s  a f f e c t e d  by 
i n t e r f e r e n c e  than t h a t  f rom GOES/West because one o f  t h e  land-mobi le  
channels e x a c t l y  co inc ides  w i t h  t h e  GOES/West f requency w h i l e  t h e  c l o s e s t  
one t o  t h e  GOES/ East f requency i s  somewhat o f f s e t .  

The s a t e l l i t e  p o s i t i o n  i n f o r m a t i o n  i n c l u d e d  i n  t h e  t ime code fo rmat  i s  
generated f rom a s o p h i s t i c a t e d ,  very  l a r g e  o r b i t  p r e d i c t i o n  program r u n  on 
a l a r g e  computer a t  NBS/Boulder. Data i n p u t s  f o r  t h i s  program i n c l u d e  t h e  
s a t e l l i t e  o r b i t a l  elements which a r e  determined f rom s a t e l l i t e  t r a c k i n g  
data ob ta ined by NOAA and/or NASA. 
p o s i t i o n  p r e d i c t i o n s  f o r  each s a t e l l i t e  f o r  each hour d u r i n g  t h e  n e x t  
ten-day p e r i o d  and these a r e  f u r t h e r  processed by t h e  microprocessor-based 
t i m e  code genera t ion  equipment a t  Wallops I s l a n d  t o  generate updated 
values each f o u r  minutes t h a t  a r e  then encoded a long w i t h  t h e  t i m e  
i n f o r m a t i o n .  Users then have t h e  o p t i o n  t o  s imp ly  decode t h e  r e c e i v e d  
t ime i n f o r m a t i o n  ach iev ing  accurac ies o f  about 1 ms o r  t o  a l s o  use t h e  
p o s i t i o n  data t o  compute a pa th  de lay  f rom Wallops I s l a n d  t o  t h e  u s e r ' s  
p a r t i c u l a r  l o c a t i o n  t h a t  i s  updated each f o u r  minutes t o  compensate f o r  
movements of t h e  s a t e l l i t e s .  I n  t h e  l a t t e r  case, t i m i n g  accurac ies of 
b e t t e r  than 100 ps can be achieved. GOES t i m i n g  accuracy as t r a n s m i t t e d  
f rom Wallops I s l a n d  i s  mainta ined t o  w i t h i n  a t  l e a s t  10 ps by cont inuous 
m o n i t o r i n g  r e l a t i v e  t o  Loran-C and by occasional  p o r t a b l e  c l o c k  t r i p s .  

I n  p r a c t i c a l  terms t h i s  means t h a t  i f  i n t e r f e r e n c e  t o  t h e  

F o r t u n a t e l y ,  t i m e  code r e c e i v e r s  can be designed t o  
I n  

The computer program generates 

. 

Recept ion o f  t h e  GOES t ime code i s  p o s s i b l e  on a cont inuous b a s i s  
throughout  much o f  t h e  Western hemisphere as shown by t h e  coverage maps 
f o r  b o t h  s a t e l l i t e s  i n  F igure  1. 
t h e  c o n t i n e n t a l  U.S. and c e r t a i n  o t h e r  areas. Whi le t h e r e  a r e  a l s o  
o p e r a t i o n a l  s a t e l l i t e s  i n  t h e  European (METEOSAT) and Japanese (GMS) 
reg ions  t h a t  a r e  p a r t  of t h e  same wor ldwide meteoro log ica l  s a t e l l i t e  system 
as GOES, these s a t e l l i t e s  do n o t  c u r r e n t l y  i n c l u d e  an i d e n t i c a l  o r  s i m i l a r  
t ime code i n  t h e i r  broadcast formats.  Several forms o f  commercial GOES 

Over lapping coverage i s  p r o v i d e d  w i t h i n  

59 



t ime  code r e c e i v e r s  a r e  c u r r e n t l y  a v a i l a b l e  which f e a t u r e  au tomat ic  
o p e r a t i o n  w i t h  smal l  antennas. P r i c e s  range f rom about $2800 t o  $4000, 
depending on t h e  accuracy l e v e l  provided. 

As t h e  GOES t ime  code system and opera t iona l  procedures have evo lved 
d u r i n g  t h e  p a s t  few years ,  seve ra l  improvements have been inco rpo ra ted .  
second-generation system has been i n s t a l l e d  a t  Wallops I s l a n d  t h a t  
p rov ides  inc reased re1  i a b i l  i t y  th rough t r i p l e  redundancy, more e l a b o r a t e  
d i a g n o s t i c  i n f o r m a t i o n  a v a i l a b l e  remote ly  t o  NBS/Boulder personnel ,  and 
t h e  replacement o f  two rub id ium standards w i t h  more s t a b l e  ( i n  l o n g  term) 
cesium devices.  
i n c l u d e  h i g h e r - r e s o l u t i o n  s a t e l l i t e  p o s i t i o n  da ta  and UT1 t ime sca le  
i n fo rma t ion .  
t h e  U.S. Naval Observatory i n  Washington, DC and a t  r a d i o  s t a t i o n  WWVH i n  
Hawaii t o  p r o v i d e  b e t t e r  geographical  coverage and by a c q u i r i n g  ded ica ted  
backup r e c e i v e r s  f o r  t h e  NBS/Boulder system. GOES s t a t u s  i n f o r m a t i o n  i s  
now a v a i l $ v l e  t o  i n t e r e s t e d  users  v i a  t h e  monthly NBS Time and Frequency 
B u l l e t i n  and, on a more c u r r e n t  bas i s ,  from t h e  USNO Automated Data 
Service.  The USNO system can be accessed u s i n g  a v a r i e t y  o f  t e r m i n a l s  a t  
e i t h e r  300 o r  1200 baud w i t h  even p a r i t y .  Telephone access numbers are: 
(202) 653-1079 (commercial ) ; 653-1079 (FTS) ; and 294-1079 (Autovon) . 
A f t e r  responding t o  t h e  prompt ask ing  f o r  i d e n t i f i c a t i o n ,  t h e  GOES s t a t u s  
i n fo rma t ion  i s  ob ta ined  by reques t ing  t h e  f i l e  "NBSGO" w i t h  t h e  command ' I@ 

NBSGO" These s t a t u s  r e p o r t s  a r e  designed 
t o  r e p o r t  i n t e r r u p t i o n s  i n  se rv i ce ,  temporary p e r t u r b a t i o n s  i n  ope ra t i ons  
which r e s u l t  i n  reduced r e c e p t i o n  accurac ies  o r  o t h e r  problems, and 
accomplished o r  p r o j e c t e d  changes t h a t  a f f e c t  t h e  GOES t ime  code. 
Poss ib le  a d d i t i o n a l  f u t u r e  improvements a r e  discussed a t  t he  end o f  t h i s  
paper. 

A 

The i n f o r m a t i o n  t r a n s m i t t e d  t o  users has been expanded t o  

M o n i t o r i n g  has a l s o  been expanded by p l a c i n g  r e c e i v e r s  a t  

f o l l owed  by a c a r r i a g e  r e t u r n .  

OBSERVED T IME CODE PERFORMANCE 

I n  general  t h e r e  a r e  t h r e e  d i f f e r e n t  modes i n  which t h e  GOES t ime  code can 
be used: 

1) Uncorrected. I n  t h i s  mode t h e  rece ived  t ime  s i g n a l  i s  s imp ly  decoded 
and used w i t h o u t  u s i n g  t h e  p o s i t i o n  i n f o r m a t i o n  i n  t h e  s i g n a l  t o  
compute and compensate f o r  pa th  de lays  as they change due t o  
s a t e l l i t e  mot ion.  
260,000 ps. 
w i t h i n  t h e  coverage area w i t h i n  +16 ms o f  UTC(NBS). 
f i x e d - l o c a t i o n  u s e r  can compensate f o r  most o f  t h i s  f i x e d  b i a s  by 
app ly ing  a f i x e d  c o r r e c t i o n  which depends on h i s  s p e c i f i c  l o c a t i o n  t o  
a l l  r ece i ved  data. I f  t h i s  procedure i s  fo l lowed,  t h e  r e c e i v e d  t ime 
s i g n a l  w i l l  p r o v i d e  an accu ra te  l o c a l  UTC re fe rence  t h a t  v a r i e s  l e s s  
than  1 ms i n  l o n g  te rm due t o  uncompensated s a t e l l i t e  motion. I n  the  
d iscuss ions  o f  t i m e  code performance t h a t  f o l l o w ,  t h e  te rm 
"uncor rec ted"  w i l l  r e f e r  t o  t h i s  mode o f  recept ion ;  

The t r a n s m i t t e d  t ime  code i s  advanced by a f i x e d  

Furthermore, a 
The rece ived  s i g n a l s  never the less  a r r i v e  a t  any p o i n t  
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2 )  Corrected. I n  t h i s  mode ei ther  the user o r  the automatic receiver 
uses the s a t e l l i t e  position d a t a  in t h e  received timing signal a n d  
the known geographical locations of his s i t e  a n d  the Wallops Island 
origination point t o  compute a specific p a t h  delay t h a t  can be 
updated each fou r  minutes as the s a t e l l i t e  position varies. When 
these corrections are applied t o  the received time code, e i ther  
manually o r  automatically, a local version o f  UTC(NBS) i s  provided, 
generally accurate t o  within +lo0 p s .  
user ' s  s i t e  i s  deteriorated relative t o  the "as-transmitted" accuracy 
of about  10 ps  because the s a t e l l i t e  position predictions used t o  
compute p a t h  delays contain some uncertainties. 
a n d  i n s t ab i l i t i e s  in the receiver delays can contribute t o  the usable 
accuracy as received. 
t h i s  mode will be referred t o  as "corrected"; a n d  

This received accuracy a t  the 

Also, uncertainties 

In  the following discussions of received d a t a  

3) Common-view. 
the coverage area of the same s a t e l l i t e  can compare the i r  local 
clocks with one another  by making simultaneous measurements o f  the  
received time code a t  each s i t e .  
between two s i t e s  yields clock differences t h a t  t o  some degree are 
insensitive t o  the actual s a t e l l i t e  position and any time errors t h a t  
may ex is t  between UTC and  the transmitted code. I n  th is  case the 
received timing signal functions only as a "transfer standard" t o  
compare two o r  more clocks. 

In  t h i s  mode multiple users a t  separated s i t e s  within 

Simple subtraction of the resul ts  

Observed Performance in "Uncorrected" Mode 

Figures 2-5 show some of the  results of monitoring the uncorrected 
GOES/East and  GOES/West time codes a t  NBS/Boulder. I n  a l l  cases the 
Y-axis i s  (UTC(NBS) - the received time code) in microseconds with no 
correction being applied for  Boulder's fixed location. Figures 2 a n d  3 
show typical resul ts  ( f o r  GOES/East a n d  GOES/West , respectively) over a 
period of several weeks where each plotted point i s  an  hourly measurement 
o f  (UTC(NBS) - received s ignal) .  
are due t o  s a t e l l i t e  motion which varies the p a t h  delay. For GOES/East 
during t h i s  period the maximum peak-to-peak variation was less t h a n  200 
vs. The GOES/West hourly d a t a  i n  Figure 3 show somewhat larger daily 
variations of a b o u t  250 ps  during p a r t  of the period and a def ini te  change 
on day #19 when a GOES/West s a t e l l i t e  station-keeping maneuver was 
executed. Figures 3 and  4 show the longer term variations in the received 
"uncorrected" time codes over a period of nearly four  years. 
plots the points u p  t o  5/1/81 (day number 852) are actually single 
measurements made once each day, while a f t e r  5/1/81 an average of 24 
hourly measurements i s  plotted for  each day. The somewhat-more-erratic 
values prior t o  5/1/81 are due mainly t o  the greater sensi t ivi ty  of single 
measurements t o  temporary perturbations from such causes as land-mobile 
interference. 
llscallopedll appearance, correspond t o  days on which s a t e l l i t e  
station-keeping maneuvers took  place. 
station-keeping on GOES/East has improved since the s h i f t  t o  a new 
GOES/East s a t e l l i t e  (GOES-5) a t  a b o u t  day #970 on the plot. 

The obvious variations within each day 

I n  these 

The many points where a b r u p t  changes occur, producing the 

$ate especially in Figure 4 how the 

The important 
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p o i n t ,  however, i s  t h a t  d u r i n g  the en t i re  four-year period bo th  s a t e l l i t e s  
provided a UTC time reference t h a t  varied by less t h a n  +1 ms with respect 
t o  a fixed of fse t  due to  Boulder's geographical location. 

Observed Performance in "Corrected" Mode 

Figures 6-9 show received d a t a  obtained with commercial receivers t h a t  
automatically use the s a t e l l i t e  position d a t a  t o  compute updated p a t h  
delays and  adjust the output lpps pulse accordingly. I n  each plot the 
Y-axis runs from -200 us t o  +ZOO p s  with respect t o  UTC(NBS).  Figure 6 
shows the relatively short-term performance fo r  b o t h  s a t e l l i t e s  by 
plotting hourly measurements over a typical 1-month period. The 
peak-to-peak variations within each day, ranging from abou t  10 t o  35 1.1s 
during th i s  period, are  apparently due t o  small imperfections in the 
tracking d a t a ,  orbital-element generation, or the computer program used t o  
generate the s a t e l l i t e  position predictions. A b r u p t  changes i n  the 
peak-to-peak amp1 itude of the daily variations are sometimes observed when 
a new se t  of orbi ta l  elements i s  processed ( a b o u t  once per week). Also, a 
general increase in the amplitude sometimes occurs as the time increases 
since the l a s t  "fresh" se t  of orbi ta l  elements -- e.g. ,  note the f i r s t  
eight days of GOES/West d a t a  in Figure 6 .  Based on years of monitoring a t  
NBS the typical peak-to-peak daily variation i s  a b o u t  20 us, although 
there have been occasional periods due to  lower-qual i t y  orbital  elements 
when values o f  greater t h a n  100 1.1s were observed. 

Figure 7 shows corresponding d a t a  over a longer period of 4f months where 
an average of 24 hourly measurements i s  plotted each day. 
of a b o u t  40 LIS t h a t  occurred i n  GOES/West early in August, 1982 has no 
apparent explanation. 
in GOES/West t h a t  occurred during a two-week period around day #90 
resulted from two consecutive se t s  of orbi ta l  elements t h a t  were o f  poor 
qual i ty.  

Figures 8 and 9 show the long-term performance over nearly fou r  years of 
the GOES/East and GOES/West time codes, respectively, as received a t  
NBS/Boulder. Each p o i n t  prior t o  May 1, 1981 (day number 852) i s  a single 
measurement per day while each point a f t e r  t h a t  time i s  a daily average of 
hourly measurements. 
days, the received time codes from b o t h  s a t e l l i t e s ,  averaged over a day,  
have generally remained within -+lo0 p s  o f  UTC(NBS) with the exception of 
occasional brief periods of 1-15 days. 

The step change 

The more temporary large excursions of u p  t o  150 LIS 

Considering the en t i re  period o f  more t h a n  1400 

Based on the experience a t  NBS during 1982 (325 days), a GOES/East time 
code user would have observed daily averages within 525 1.1s of the mean 
value 95% of the time and no values greater t h a n  50 vs from the mean. 
corresponding GOES/West user, however , would have observed only about  65% 
o f  the values fa l l ing  within +25 us of the mean, although 93% of them 
would be wi.thin 550 ps .  

A 
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Observed Ferformance i n  "Common-view" Mode 

Figures 10-12 summarize the  re la t ively short-term performance over a b o u t  a 
l - m o n t h  period when the G O E S  time code i s  used in the "common-view" mode. 
I n  Figure 10,  the hourly measurements of GOES/East are plotted from two 
co-located receivers a t  NBS/Boulder along with the hourly differences in 

of several tens of microseconds, the differences between the  simultaneous 
hourly measurements remain generally stable t o  within a few microseconds 
with occasional jumps of 5-10 us. 

. t h e  values. Although the o u t p u t  of each receiver has time code variations 

Figures 11 a n d  1 2  show similar d a t a  for  receivers which are separated 
thousands of kilometers. Figure 11 applies t o  the simultaneous reception 
of GOES/East a t  NBSIBoulder and the USNO in Washington, DC while Figure 12 
applies t o  reception of GOES/West in Boulder a n d  Hawaii. Although the 
Boulder/Washington differences are n o t  much worse t h a n  for  t h e  co-located 
receivers, the Bdulder/Hawaii differences show larger variations and a 
re la t ively large step change a t  a b o u t  day #25 on the plot. 
Boulder/Hawaii d a t a  may be adversely affected by the greater sensi t ivi ty  
of the GOES/West downlink frequency t o  land-mobile interference and by the 
fac t  t h a t  the Hawaii receiver i s  an older model, n o t  containing some 
improvements incorporated into the l a t e r  versions used in Boulder and  
Washington. 

The 

Figure 13 presents a l l  of the NBS/USNO common-view d a t a  currently 
available,  b u t  in t h i s  case, using daily averages of the hourly 
measurements a t  each s i t e .  
seemed t o  improve since early October, 1982. Finally, a l l  the available 
Boulder/Hawaii common-view differences based on daily averages are shown 
in Figure 14. The d a t a  gap  in mid 1982 results from a fa i lure  in the 
receiver a t  WWVH. The observed common-view performance with GOES/West 
during t h i s  period i s  clearly infer ior  t o  the NBS/USNO comparisons via 
GOES/East. Further testing will be necessary in order t o  identify the 
specif ic  cause or causes. 

A t  present i t  i s  n o t  clear why the results 

Based on the available d a t a  t o  date i t  appears t h a t  the common-view 
approach with GOES should n o t  be depended on for  comparisons of separated 
clocks t o  bet ter  t h a n  10 p s .  
in view of the constraints imposed by the 400-Hertz bandwidth limitation 
on the GOES time code channel. 

Such a result  i s  probably n o t  t o o  surprising 

SOME 

1) 

POTENTIAL FUTURE IMPROVEMENTS 

NBS Access t o  More Current Position Data. 
Drocedures. there sometimes are substantial delays between the 

Under present operating 

breation o f  a revised s e t  of s a t e l l i t e  orbital  dements by NOAA or 
NASA a n d  the time a t  which new position predictions based on them 
can be inserted i n t o  the time code transmissions. The current 
procedure requires 
t o  NASA a n d  then t o  NBS, the running of a large computer program in 
Boulder t o  generate the revised position d a t a ,  and the transmittal of 

distribution of the orbital  elements from NOAA 
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these p r e d i c t i o n s  t o  t h e  Wal lops I s l a n d  equipment. The delays 
i n v o l v e d  may be p a r t i c u l a r l y  s i g n i f i c a n t  a t  t imes when s a t e l l i t e  
maneuvers a r e  implemented. 
t h i s  process by deve lop ing  d i r e c t  access by NBS t o  t h e  most c u r r e n t  
s a t e l l i t e  
a l s o  prove f e a s i b l e  t o  generate improved p o s i t i o n  p r e d i c t i o n s  more 
q u i c k l y  and more e f f i c i e n t l y  d i r e c t l y  f rom t h e  GOES t r a c k i n g  data 
ob ta ined approx imate ly  every  f o u r  hours f o r  each s a t e l l i t e .  

E f f o r t s  a r e  now i n  progress t o  s t r e a m l i n e  

It may da ta  r e s i d i n g  i n  NOAA's computer a t  S u i t l a n d ,  MD. 

Accuracy I n d i c a t o r s  i n  Time Code. Suggestions t o  i n c l u d e  i n  t h e  t ime 
code fo rmat  some i n d i c a t o r  o f  when t h e  usab le  accuracy i s  degraded 
due t o  v a r i o u s  reasons a r e  under c o n s i d e r a t i o n .  Unused code b i t s  a r e  
a v a i l a b l e  f o r  t h i s  purpose and r e c e i v e r  manufacturers have i n d i c a t e d  
w i l l i n g n e s s  t o  p r o v i d e  a corresponding v i s i b l e  o r  o t h e r  fo rm o f  a l e r t  
a t  t h e  u s e r ' s  r e c e i v e r  as a p p r o p r i a t e .  

Automatic Compensation f o r  E c l i p s e  Per iods.  
l i m i t a t i o n s  t h e  t i m e  code t ransmiss ions  a r e  s h i f t e d  t o  an i n - o r b i t  

Due t o  GOES spacecraf t  

spare s a t e l l i t e  a t  106"W l o n g i t u d e  f o r  scheduled 2-hour per iods  each 
day d u r i n g  e c l i p s e  p e r i o d s  (March 1 - A p r i l  15 and Sept. 1-Oct 15). 
Dur ing these 2-hour p e r i o d s  t h e  s a t e l l i t e  p o s i t i o n  data cannot a t  
present  be r e v i s e d  t o  r e f l e c t  t h e  spare s a t e l l i t e ' s  p o s i t i o n .  
Changes t o  t h e  GOES t i m e  code system so f tware  a t  Wallops I s l a n d  a r e  
be ing  considered t o  a l l e v i a t e  t h i s  problem. 

Automatic Delay M o n i t o r i n g  a t  Wallops I s l a n d .  A t  p resent  equipment 
de lays through t h e  Wal lops I s l a n d  t ransmiss ion  channel process ing 
equipment a r e  n o t  mon i to red  d i r e c t l y  and c o u l d  i n t r o d u c e  
uncompensated changes i n  p a t h  de lay  when subsystems are  rep laced o r  
modi f ied.  C a p a b i l i t i e s  f o r  m o n i t o r i n g  such s t a t i o n  delays may be 
i n c o r p o r a t e d  i n  t h e  fu tu re .  

Use o f  GOES T r i l a t e r a t i o n  System f o r  H igher  Accuracy Time Trans fer .  
Some o f  t h e  c u r r e n t  l i m i t a t i o n s  i n  GOES t i m i n g  accuracy a r e  r e l a t e d  
t o  t h e  l i m i t e d  400-Hz i n t e r r o g a t i o n - c h a n n e l  bandwidth a v a i l a b l e  and 
u n c e r t a i n t i e s  i n  t h e  s a t e l l i t e  p o s i t i o n  p r e d i c t i o n s .  NBS p lans  t o  
i n v e s t i g a t e  t h e  p o s s i b i l i t y  o f  removing o r  reduc ing  these l i m i t a t i o n s  
through t h e  use o f  t h e  GOES t r i l a t e r a t i o n  rang ing  system f o r  t i m e  
t r a n s f e r .  Ranging s i g n a l s  a r e  t r a n s m i t t e d  a t  about 1.6 GHz 
approx imate ly  every  f o u r  hours.  
these rang ing  s i g n a l s  c o u l d  p r o v i d e  t i m i n g  r e s o l u t i o n  i n  t h e  1 ns 
range. Furthermore, s i n c e  t h e  s a t e l l i t e  p o s i t i o n s  a r e  determined 
a c c u r a t e l y  d u r i n g  each o f  t h e  r a n g i n g  opera t ions ,  t i m e  t r a n s f e r s  
should be p o s s i b l e  a t  these t imes w i t h  b o t h  h i g h e r  p r e c i s i o n  and 
h i g h e r  accuracy. 
d isseminat ion  mode and a h i g h e r  accuracy common-view comparison mode. 

Wi th s ide tones  as h i g h  as 200 kHz, 

B e n e f i t s  may be r e a l i z a b l e  i n  b o t h  a general  

. 
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